Cover note The introduction of synthetic colloids

It is too often noted that while a physiological salt solution or a Ringer's solution produces immediately brilliant results, this effect wears off in an hour or two, so that the individual who has been roused from the threatening effects of a great haemorrhage begins to sink again, and even though we repeat our injection, the improvement in patient or animal is again only temporary.
James J. Hogan, 1915 1 .
During the latter part of the 19th century, physiologists began to investigate the movement of fluids between the intravascular and interstitial compartments of the body. Following experiments in his laboratory at Guy's Hospital, London, Ernest Starling described the relationship between capillary hydrostatic pressure, and the osmotic pressure exerted by proteins circulating in the bloodstream, stating "whereas capillary pressure determines transudation, the osmotic pressure of the proteids of the serum determines absorption" 2 .
Starling subsequently turned his attention to the "glomerular functions of the kidney" 3 , and in doing so, studied "the mechanism of the diuresis produced by injection of normal saline and of strong salt and sugar solutions" 3 . In 1899, he postulated that infusion of these fluids resulted in a transient rise in glomerular capillary pressure, and when this exceeded the osmotic pressure exerted by impermeable plasma proteins, filtration occurred 3 . A decade later, Joseph Barcroft and Hermann Straub, from the Physiological laboratory, Cambridge University, hypothesised that crystalloids might also "dilute the proteins in the plasma" 4 , and thus "render…filtration more easy" 4 .
Advancing this theory, Frank Knowlton, who worked alongside Barcroft and Straub in Cambridge, reasoned that "an injection of saline… should produce less diuresis if some substance allied to protein and which exercises approximately the same osmotic pressure as the blood proteins is dissolved in the saline solution" 5 . Conducting experiments on rabbits, Knowlton demonstrated that the addition of 5% gum acacia (a dried exudate from the sap of the Acacia senegal or Acacia seyal tree), or 5% gelatin to an infusion of normal saline, significantly reduced the volume of urine produced. Meanwhile, colloids without a significant osmotic pressure, such as 3% starch, had little or no influence on the diuresis.
Around the same time, in the Physiology laboratory, University of Cincinnati, James Hogan and Martin Fischer performed similar animal experiments using 2.5% gelatin 6, 7 . Like Knowlton, the pair observed a reduction in the output of urine when gelatin was added to a crystalloid infusion, but also noted that the injection of colloids caused the superficial veins and arteries to "become progressively fuller and remain so" 1 . As a result, they suggested that the addition of gelatin might be a means by which "the temporary effects following the injection of salt solution could be made more permanent" 1 , in patients with shock.
Between March and July 1913, 0.9% saline solutions containing 'the purest gelatin' 1 were successfully employed in a series of trauma cases presenting to hospitals in San Francisco. The first patient was a 39-year-old Italian labourer who had sustained severe injures after "a tree limb had fallen across his leg from a great height". On arrival at the French Hospital, he "was almost exsanguinated and showed a small, rapid, soft radial pulse, with cold extremities, excessive thirst, and shallow and rapid respiration". Injections of strychnine, subcutaneous saline and "the usual hemostatic measures" 1 were all used without improving the state of the patient, and so Bertram Alden, Chief of Surgery, elected to explore the leg, under spinal anaesthesia. However, at the end of this procedure, "the pulse could no longer be obtained at the wrist and, as death seemed imminent, it was felt that an intravenous injection of a gelatin solution was justified" 1 . Alden administered 500 cc of gelatin, during which "the radial pulse gradually returned, and an hour later the blood pressure measured 125 mmHg" 1 . At the same time, the time the pulse rate dropped from 130 to 88. The patient subsequently made an uneventful recovery.
In early 1916, Samuel Hurwitz and colleagues at the University of California Medical School, San Francisco, undertook canine experiments using 5% gum acacia. Their Wellington, NZ results convinced them to try these infusions in clinical practice, and by November 1916, acacia had been utilised in a handful of patients with haemorrhagic shock 8 .
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Concomitantly, William Bayliss, Professor of General Physiology at University College, London, had begun examining various "methods of raising a low arterial pressure" 9 . While Bayliss found solutions of 6% gelatin, and 7% gum acacia useful, he expressed concerns regarding the clinical utility of gelatin, since suspensions had been prone to set to jelly in his infusion tubing and cannulae 10 . Furthermore, commercial preparations were obtained from calves' hooves, and commonly contained tetanus spores, which could be difficult to eradicate 11 .
Bayliss' findings were discussed in a 'Memorandum upon surgical shock and some allied conditions' 12 issued by the Medical Research Committee in March 1917, and later that year, gum-saline was trialled on the Western Front, in cases of haemorrhage 13 , as well as septic shock secondary to gas gangrene 14 . The results proved sufficiently promising that in 1918, the Base Hygiene Laboratory, in Boulogne, began manufacturing large quantities of 6% gum acacia solution. To meet demand, a special plant was erected near the laboratory in June 1918. This produced an average of 75 litres of sterile solution per day, which was distributed to forward areas in glass bottles fitted with glazed earthenware stoppers, and rubber washers 15 . Elsewhere, gum-saline solutions were made at individual Casualty Clearing Stations. These were often weaker (1%-2% acacia) 16 , and demonstrated little benefit 17 . Furthermore, severe adverse reactions, attributed to impurities in some preparations, were reported 18 .
Despite its continued use in some civilian hospitals 19 , advocates of gum-saline faced fierce criticism in the post-war period 20 . Some researchers deemed its use unphysiological 21 , and Bayliss was forced to robustly defend his beliefs 18 . After a brief hiatus, the use of gum acacia was revived in some institutions 23 , including the Mayo Clinic 23 . By 1938, more than 6,000 infusions had been administered in this one centre alone 24 .
In the following decade, solutions containing pectin 25 , methylcellulose 26 , polyvinylpyrrolidone (Periston) 27 , dextran 28 , and modified gelatin 29 , were introduced into clinical practice. All proved controversial. 
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